Background/Objectives: To examine the daily intake of bone health-related nutrients and to explore the association between diet composition and estimated net endogenous acid production (estimated NEAP) in Hong Kong Chinese adolescents. Subject/Methods: In total, 171 boys and 180 girls aged 10-12 years of Chinese origin from nine primary schools from the Hong Kong Adolescent Bone Health Cohort Study. The study design used food frequency questionnaire. Mean daily intakes of foods and selected nutrients were estimated. Mean percentage of nutrient intake contributed by different food groups was presented. Frassetto's method was used to calculate the estimated NEAP from the diet's protein to potassium ratio. Results: There was no significant difference in the energy-adjusted intakes of most nutrients between boys and girls, except for intakes of vitamins C and D. Mean protein, sodium and potassium intakes were higher than the Chinese dietary reference intake (DRI), whereas mean intakes of magnesium, calcium and vitamin D were lower than the DRI. Boys had significantly higher estimated NEAP than girls (P ¼ 0.0051). Estimated NEAP was significantly positively correlated with meat intake and negatively associated with the consumption of fruits, vegetables, legumes, beverages and dairy products.
Introduction
Osteoporosis is a major public health problem worldwide and diet is one of the modifiable risk factors for osteoporosis. It has long been recognized that calcium intake, vitamin D status and protein intake are the major nutrients influencing bone health (Prentice, 2004; Greer and Krebs, 2006) . However, there is increasing evidence to show that other minerals and vitamins are needed for metabolic processes related to bone, and the role of overall diet instead of individual nutrient on bone metabolism and calcium balance has been emphasized (Massey, 2003; Alexy et al., 2005; Palacios, 2006) . Fruits and vegetables, which are main sources of magnesium, potassium, vitamins C and K would promote an alkaline environment and balance the acid generated from meats, which in turn may affect bone metabolism and calcium balance (Lemann et al., 2003; Cordain et al., 2005; Macdonald et al., 2005) . However, the interplay of diet composition, diet-dependent net acid load and bone health is complex.
A recent study indicates that the balance between the amount of dietary protein and the diet-dependent net acid load in part determines whether the diet as a whole has a net anabolic or catabolic effect on bone (Alexy et al., 2005) . The combination of a net base-producing, alkalosis-producing diet and a high-protein diet may optimize peak bone mass achievement (Sebastian, 2005) . The sources of dietary protein may also affect bone health (New, 2002) , higher animal/vegetable protein intake could cause greater bone loss (Sellmeyer et al., 2001) .
The extent to which the diet's net acid load contributes to low bone gain or fracture risk in children and adolescent is still unknown. Studies have demonstrated a positive effect of fruit and vegetable intakes on size-adjusted bone mineral content (Prynne et al., 2006) , bone area (Tylavsky et al., 2004) and heel bone mineral density (McGartland et al., 2004) . However, the effect of diet's net acid load on bone health is less clear. One study showed no association between diet's net acid load and bone mineral status (Ginty et al., 2005) , whereas another indicated an inverse association of diet's net acid load with bone mineral content (Alexy et al., 2005) .
Diet of Hong Kong population has changed rapidly in the past decades. Consumption of meat by Hong Kong adults has increased markedly, whereas most adults cannot meet daily recommended intake of fruits and vegetables (Centre for Health Protection, 2006) . A cross-sectional study consisting of 26 111 Hong Kong students aged 10-19 years also revealed that dietary practice of the local youth population was even worse than their adult population (Lee and Tsang, 2004) . How this dietary practice affects the diet-dependent net acid load of adolescents in Chinese population is unknown. This study aimed (1) to examine the contribution of major food groups to the intake of various bone health-related nutrients and (2) to investigate the associations between diet-dependent net acid load and diet composition in Hong Kong Chinese adolescents. We expected that results of this study could provide insights into planning dietary guidelines for adolescents in Hong Kong.
Methods

Subjects and data collection
The subjects were participants in the Hong Kong Adolescent Bone Health Cohort Study. Boys aged 11-12 years and girls aged 10-11 years were recruited from nine primary schools in Hong Kong on voluntary basis. Subjects suffering from any conditions known to influence bone or receiving prior therapy with a known effect on bone metabolism were excluded. All subjects were measured at baseline and followed up annually. Informed consent was obtained from the subjects and their parents or guardians. The study was approved by the Ethics Committee of the Chinese University of Hong Kong.
In total, 300 boys and 300 girls were invited and 427 subjects (214 boys, 213 girls) agreed to participate (participation rate ¼ 71%). In total, 351 children had completed the food frequency questionnaires (FFQs) and the results of this study were based on the baseline anthropometric and dietary data of 171 boys and 180 girls collected between November 2003 and October 2004.
Subjects were asked about the household income as a reflection of family's socio-economic status (SES). Body weight was measured to the nearest 0.1 kg by the Physician Balance Bean Scale (Healthometer, Illinois, USA) with subjects wearing a light gown. Body height was measured to the nearest 0.1 cm by Holtain Harpenden Stadiometer (Holtain Ltd., Crosswell, UK) with the subjects barefoot.
Nutrient analysis and food group categorization Dietary intake was assessed by a modified FFQ based on data obtained in the Hong Kong Adult Dietary Survey in 1995 . The FFQ had been validated with the basal metabolic rate calculation and the 24-h sodium/ creatinine and potassium/creatinine analysis . Subjects were asked about their usual frequency and consumption in the past 12 months from the food list. Standard portion size was listed and a food photo album was provided to assist assessment. Daily nutrient intake was calculated by the Food Processor Nutrition Analysis and Fitness software version 7.9 (Esna Research, Salem, OR, USA), with addition of composition of some local foods based on food composition table from China (Institute of Nutrition and Food Safety, 2002) . Intakes of sodium were calculated from food, drinks and the amount of salt used in cooking or at table. The amount of salt used in cooking or at table was collected by asking subjects to classify their usual salt usage from one of the categories: light, medium and salty. The corresponding predefined amount of salt for each category was then added to the total daily intake.
The nutrition analysis software allowed related food items to be grouped together to estimate their relative contribution to total nutrient intake. Food groups were created based on the original FFQ and previous studies on the potential renal acid load (PRAL) of foods (Remer and Manz, 1995) and the effect of diet composition on estimated net endogenous acid production (NEAP) (Prynne et al., 2004) . Further information on food group categorization is given at the bottom of Table 2 . The percentage of nutrient intake for each food group was calculated for each subject. The average percentage contribution for boys and girls was then estimated.
Estimation of NEAP
Several algorithms have been developed to estimate NEAP from diet (Frassetto et al., 2007) . Frassetto et al. (1998) calculated the estimated NEAP from the diet's protein to potassium ratio, whereas Remer et al. (2003) estimated NEAP from average intestinal absorption rates of ingested protein and other minerals as well as an anthropometry-based estimate for organic acid excretion. Each has its rationale and limitations (Frassetto et al., 2006) . In this study, Frassetto's method was adopted. The method calculates the diet's protein to potassium ratio expressed as grams per milliequivalent. The rationale and algorithm of this method have been described previously and the estimated NEAP could account for about 70% of the variation in renal net acid excretion (Frassetto et al., 1998) .
Data analysis
Data analysis was performed using SAS version 9.1. Estimated NEAP and most nutrient intakes were normally distributed except for vitamins C, D and K, in which log transformation was applied for analysis. Independent t-test and non-parametric Mann-Whitney U-test were used to examine differences between sexes. The w 2 test was used to examine the SES difference among the nine schools, and between the study sample and the overall Hong Kong population. z-Score method was used to compare the anthropometric data of the study sample with the overall Hong Kong population. Analysis of covariance was used to compare energy-adjusted nutrient intakes between sexes. Multiple regression analysis was used to examine the contribution of different food groups to the variance in the estimated NEAP. All food groups were entered into the regression model except for miscellaneous food group, as very few subjects were from this food group. Spearman rank correlation was used to investigate the association between energy-adjusted nutrient intakes and estimated NEAP. Significant differences were set at Po0.05.
To assess the validity of the reported energy intakes, the intake/basal metabolic rate was calculated (Goldberg et al., 1991) . A ratio of less than 1.35 was used to indicate potential under-reporters of energy intake. In all, 13.5% of the boys (n ¼ 23) and 8.3% of girls (n ¼ 15) were found to be potential under-reporters. The mean estimated NEAP was not significantly different with and without under-reporters and they were included in the statistical analysis.
Results
Subject characteristics
Anthropometric characteristics and daily nutrient intakes are shown in Table 1 . There were significant differences in weight, height, body mass index and estimated NEAP between boys and girls. Compared to the overall population of same age (Sung et al., 2007) , the boys studied were lighter (mean z-score for weight ¼ À0.15, Po0.05), whereas no significant difference was observed for the girls studied. There was no significant difference in the energy-adjusted intakes of most nutrients between boys and girls, except for intakes of vitamins C and D. Mean protein, sodium and potassium intakes were higher than the dietary reference intake (DRI) (Chinese Nutrition Society, 2000) , whereas mean intakes of magnesium, calcium and vitamin D were lower than the DRI.
Household income differed significantly among the nine primary schools, suggesting that the study sample covered families of different SES (details not shown). The study sample had a higher SES than the overall Hong Kong population (% of households with monthly family income of HK$30 000 or above: 41.6 vs 29%) (Census and Statistics Department, 2001).
Contribution of major food groups to the intake of bone healthrelated nutrients Table 2 shows the principal food sources of the intake of bone health-related nutrients. The principal food source of protein was meat, which accounted for about 40% of total protein intake in both sexes. Dairy products were main contributors of calcium and vitamin D, which accounted for about 35 and 30%, respectively, of total intake in both sexes. For calcium, vegetables and legumes further contributed about 20% of total intake in both sexes. The principal food sources of phosphorus were meat and grains, which in total contributed about 50% of the total intake in both boys and girls.
Meat, vegetables and legumes were the greatest contributors of potassium. Nearly 40% of potassium was contributed by these food groups. For magnesium, grains contributed about 30%, whereas vegetables and legumes contributed nearly 20% of total intake. Around 40% of sodium was contributed by fat/oil/sweet/seasoning. Vegetables and legumes were the important sources of both vitamins C and K. About 30% of vitamin C and over 80% of vitamin K were contributed by vegetables and legumes. Fruits were also an important source of vitamin C, which accounted for about 40% of the total intake. Table 3 shows the contribution of the weights of foods consumed to the variance in estimated NEAP. There was a significant positive correlation between estimated NEAP and meat intake and a significant negative correlation between estimated NEAP and the consumption of vegetables, legumes and fruits. In boys, estimated NEAP was also negatively correlated with beverage consumption (Po0.05). In girls, there was a significant negative correlation between estimated NEAP and dairy product consumption. In all, 54% of the variance in estimated NEAP could be explained by this model in the boys and 52% in girls. Table 4 shows the Spearman rank correlation coefficients between estimated NEAP and energy-adjusted (nutrient/ kilojoules) nutrient intakes for boys and girls combined. Estimated NEAP was significantly positively correlated with protein intake and negatively correlated with intakes of calcium, phosphorus, potassium, magnesium, vitamins C, D and K.
Relationship between estimated NEAP and diet composition
Association of estimated NEAP and different nutrient intakes
Discussion
To our knowledge, this study was the first study to examine the association between diet composition and estimated NEAP in healthy Hong Kong Chinese adolescents. Several studies have been conducted to examine bone health of Hong Kong Chinese adolescents, but most of them either focused on adolescents with medical complications ( Lee et al., 2005; Cheng et al., 2007) or how a single nutrient intake (that is, calcium) affects bone mineral status (Cheng et al., 1998 (Cheng et al., , 1999 .
In this study, estimated NEAP was positively correlated with meat intake and negatively associated with the intakes of fruits, vegetables, legumes and beverages. The results were Beverages included water, tea, coffee, fruit juices, fruit squashes, carbonated drinks, alcoholic drinks and powdered beverages without added milk/water. b Fat, oil, sweet and seasoning included foods that were mainly composed of fatty or sugary components, sauces, spices and flavorings.
c Processed food included mixed dishes in which the food compositions were difficult to be split into main food groups. d Miscellaneous included homemade soup and canned soup (mainly the fluid component), and few Chinese traditional and herbal foods that were unable to be classified into main food groups.
supported by Prynne et al. (2004) . The negative association between estimated NEAP and intake of dairy products was, however, in conflict with previous findings (Remer and Manz, 1995; Prynne et al., 2004) .
Dietary protein and estimated NEAP
The present findings showed that meat was the main protein source for the subjects, and protein intake was positively associated with estimated NEAP. Meat is a rich source of H 3 PO 4 and H 2 SO 4 , and the sulfuric acid produced from the catabolism of the sulfur-containing amino acids in dietary protein is recognized as acid producing (Remer and Manz, 1995) . High protein intake has been suggested to cause acid imbalance (Remer and Manz, 1994) , increased urinary calcium loss (Ince et al., 2004) and increased osteoporotic risk (Palacios, 2006) . However, recent studies have demonstrated conflicting results of protein intake on bone health. Both positive (Tucker et al., 2001; Alexy et al., 2005) and negative (Ince et al., 2004) effects on bone values have been observed. Sebastian (2005) proposed that 'the balance between the amount of protein in the diet and the diet's net acid load in part determines whether the diet as a whole has a net anabolic or catabolic effect on bone'.
Relationship of fruit and vegetable intakes with protein intake and estimated NEAP Several studies have shown that the acid-producing effect of protein intake may be counterbalanced by the intake of fruits and vegetables. Alexy et al. (2005) collected dietary data over four years in 229 healthy children and adolescents. They found significant associations of protein intake with improved bone variables, and significant inverse associations of diet's net acid load with those variables. They concluded that the acidifying effect of protein cannot be regarded as isolated since other alkalizing nutrients can counterbalance it. Similar results were reported by Tucker et al. (2001) . They examined the effect of diet components of bone mineral density (BMD) in an elderly cohort. Higher intakes of proteins, fruits and vegetables were all associated with lower bone loss, and the authors suggested that the role of protein is dependent on the presence of other nutrients available in a mixed diet. Our findings showed that fruits, vegetables and legumes were some of the main sources of alkalizing nutrients (for example, magnesium, potassium). The intake of fruits, vegetables and legumes, and these alkalizing nutrients were negatively associated with the estimated NEAP. The results were expected and were supported by past findings ( Prynne et al., 2004; Macdonald et al., 2005) . Although legumes have small impact on estimated NEAP, fruits and vegetables are base-producing foods (Remer and Manz, 1995; Cordain et al., 2005) . However, it was suggested that the beneficial role of fruit and vegetable intake on bone might not be related to the more alkaline environment (Ginty et al., 2005) . Rather, the beneficial effects may be due to factors secondary to the fruit and vegetable intake, such as a more healthier lifestyle (New, 2002) , the presence of vitamins C and K (New et al., 2000; Palacios, 2006) and other plantbased compounds (Arjmandi and Smith, 2002; Muhlbauer et al., 2002) .
High protein intake and low fruit and vegetable intake by Hong Kong children High protein intake by Hong Kong children and low intake of fruits and vegetables have long been documented (Leung et al., 2000; Centre for Health Protection, 2006) . Our data also revealed that mean protein intake of the sample studied was higher than the DRI. Studies have shown that the effect of diet on bone metabolism may be obscured by the marked effect of puberty , and there was no evidence of estimated NEAP on bone mineral status in adolescents (Ginty et al., 2005) . However, considering the tracking effect of diet from childhood to adulthood, the effect of high protein intake and low fruit and vegetable intake on the long-term bone health of adolescents warrants concern.
Comparison of Frassetto's method and Remer's model for NEAP estimation Several algorithms have been developed to estimate NEAP from diet. Therefore, we tried to compare the methods of estimating NEAP by using the Frassetto's model and the Remer's model. Protein/K ratio and the Remer-Manzestimated NEAP were moderately correlated (r ¼ 0.51, Po0.0001). With protein and potassium used as independent variables in a multiple regression analysis, the estimated NEAP by the Remer's model varied directly with protein content (Po0.0001) and inversely with potassium content (Po0.0001), and the multiple correlation coefficient was 0.88. Thus, most of the predictive power of estimated NEAP by the Remer's model resides in the protein and potassium contents of the diets.
Study limitations
The main limitations of this study were that the subjects were not recruited on a random basis. However, the nine schools were from various school types and different SES in Hong Kong. Although the study sample showed higher SES than the overall population, the overall population included the elderly population of relatively lower household income and this may explain the discrepancy in SES. Although the boys studied were lighter than the overall population, the anthropometric and dietary data in the present study were generally comparable to those reported previously for Hong Kong adolescents (Centre for Health Education Unit, 2005; Sung et al., 2007) . We speculated that the present findings could reflect the current dietary practice of adolescents of similar age in Hong Kong. Second, the use of different food composition tables and nutrient analysis software posed difficulties in comparing results with other studies. Third, FFQ was designed to estimate a person's usual intake over a specified period. The information collected was based on subject's memory, and because of the predefined food list, some information about the foods actually eaten might be missed.
Conclusions
In conclusion, estimated NEAP of Hong Kong Chinese adolescents increased with meat intakes and decreased with the consumption of beverages, dairy products, fruits, vegetables and legumes. The results highlight the importance of considering whole diet quality when interpreting the effects of single nutrient or diet's net acid load on bone. The effect on high protein intake and low fruit and vegetable intake on the long-term bone health of Hong Kong Chinese adolescents warrants attention.
